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Abstract of JP200231 7274 

PROBLEM TO BE SOLVED: To provide a calalytic composition suitable for depositing electroless metallic seed 
layers, and enhancing discontinuous seed layers, a method for depositing electroless seed layers, and a method for 
enhancing discontinuous seed layers. SOLUTION: The composition is suitable for depositing an electroless plating 
catalyst on a substrate having <=1 &mu m apertures comprising one or more metal saltSj one or more copper 
complexing agents, one or more organic binders, one or more reducing agents and a base. 
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[mm* i ] i *fctt*ft«±<o&»BL i 

[M#H4] #Mft«s. (C. -c, 2 ) 7;u*;i/# 
^#>BL (C, -C, 2 ) T)l*Jl>is*i)l>#>m, 

(C -c, 8 ) r;u+;uh y#-M/#>BL Sft (c, 

-C, 2 ) Tib+^*Jl/#>», @i(C 2 -C, 2 ) 
T)l*r)\s*J>*)l#l'Wt, (C, -Ci 2 ) T)V*)V 

(C 2 -C, 2 ) TiU^^-Jb*JU?K> 
Bt. (Ca -C 2 ) TJl*~)liSJ7)l#>m, (C a 

-c. 2 ) w^i/hy^^a, g& (c 2 -c 

, 2 ) rib^r^^*JU#>«. I»(C 8 -C, 2 )7 
;l^~JH*#Jb#>BL S& (C 2 -d 2 ) TA-5r~ 

;i/Fy^M?>i, r^>*W>i, ry--il/#;M* 
>Bt*fcttgt67 y-^#^#>K*>6«tR3ft*l## 

Bt iBEBl, *x>Bt*fc«y> 

=TBL EDTA, 72)\,Wt. 'OV>bV#>l#Zsm£ 

[»*3B6 ] 1 *fc«*ti«±OW«^^>y-3M, 

#y («*vu>{>i/^^e^n-f^) , #y 

t«^B7 3 ttS«s» *Kffcy**A, fcBWfc* h y 

ftrh^ (C, -C 4 ) r^*^7>*~^A*>6jf!t>? 

ftjy±cDgB$§£jim i $ fctt*na±o*«p'< >f > y 
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2 

a ft £I9#JB 8 f stgcD^jSo 

[tt#S i l] m®M&, (c, -c. a > r;i/*ju 
#jI/tK>BL (C a -C, a ) 7n^;u^#;i/#>^ 
(C -c, a ) r;i^;p h y#^tf>Bt. B3ft(C, 

-Ci 2 ) T/U*il/*^#>«, »(c 2 -c 12 ) 
T)\s*r)\>%st>fr#>Wl, ggS (C, -C, 2 ) Tib** 
Fy#;M*>BL (Ca -Ci a ) T;l/^;L/;>7 

io Bt (c a -c, 2 ) 7;i^~;u^#;i/*F>$L (c 2 
-C 2 ) rrt>*~;uM;#;M*>BL Kft cc. -c 
, a ) rrt^~;l>#JU#>BL SR(C 2 -C, 2 )7 
;l^~;l^#;b;F>gt «ft <C a -C, , ) TJW- 

;^y^#>» 4 7?>^W>^ 7'J-;i/^# 
* T y - ;l/ * ; 1/ > Ks&i €>«IR S ft s 

[IS*3S 12] 1 *3Pt«*ftfel±o#»B(*J. *FBL 
20 ^x>B|*ft:«y>rfB( % EDTA, 7#JbH& ^>-hf 

>F y*;i/#>M*/ttti^y^;i/B(3&a6«IR3ftSi»* 

^ 1 1 lB«g^^^ 0 

[H)^g 13] 1 *tett*ftJK±0««^^>.y- 
jW, -fe^l/a-X, bFPt^WP-X, b FP^>7 

x#yv- % B3Wb-fe^n-*jj<y v-, ^ftx^u> 

30 ^kttSB^fc J: zmfrmMfr&JfTh ^ y u ^ > # y 
v-, #y (JR^cvu-f>K/y ^;I/bT^.;l/j:-f 
ib) . ^'jy^^u;* #y ( t'^;i/r;urj-;p) a 

Wlt7^l/>WA7;Pft FiH^»3&>6iltR3fta 

[is*ffl i 4 ] as^s, 4cBMbu ^^a, Tkmt-r h 
y^A, *n^*y«5A, ^n-ftr^^^Aawi* 

mty-b? (c, -c 4 ) r^+^r^^^A^ea 

1R $ ft ^ 8 iEi6cD7?ffi 0 

40 8 mm^mo 

so, i*fc«-eftw±ow«^v>^-, i*fc«*ti 

1 7 ] 1 Mm^Toiaagp^^tfii^ 

50 [n^H 1 8 ] Stt<fc3ft*RB3W, ADM( % zi^fbK 



3 

So 

mm* 20] is tca*tia±<DtB&m&iimm 

[11*82 1] W*SK*«, (c, -c, 3 ) TJU** 

(c, -c, 2 ) r;i/*ii/^*^#>K, 

(C, -Ci a ) y#JW*>BL S& (C, 10 

-c, 2 ) rjb****iK>flt Bft <c« -c, , ) 
r;i>*;i/^#;i>#>K, S8S (c, -c, 2 ) t;u*;i> 
hv%)\s#>m. (c 2 -c. a ) t^-^*jujK> 
Rfc <c« -c, a ) y;i^~^#;M<>6t (c« 
-c, 2 ) YJitr-frbvxfrtfyWt, m& (c> -c 

i a ) TJl*~)l*fr#>M> gft(C 2 -C 12 )7 
;l^~Jt^*7n^>K, S» (C a -C, 2 ) TJl^~ 
;l>HJ*7rt>3K>BL T^>^f>i, r x )-)lio)l^ 

*I2 0Ktt<Z>;£ik 20 
[»$fl2 2] l*yfctt**i«±©#««*s, 4*Bt 

^x>®S/t««;>^f^ EDTA, -<>"fe* 

«2 iia«8<D*a^jo 

[11*12 3 ] 1 £tcte^nM±(Dmm'U>#- 

x# i^ft-b;ip-^^ij7-, BMfcx^u^ 

^TKttss^^ <t «MB*ttas»t*-r 4 # u ^ u * > * 

;i0 , #'jy^ i J;m, (tr^i/T^-^) £ 

m&m 1 6 tEtgcD^ffio 

[IS*JS2 4] mm&s jWH10**m>* XWHttb 

BMt^F^ (C, -C« ) T)\>*)\sT>*2~VJ*frt>m 

[IS*3g2 5 ] l *fctt*hJBt±cD£Jiitt % l 

tf, A«^-FJB*«*±(ciWIStt475rffi. 
[N$«2 6 ] i M m»T0Hn**£trt|3|t 

S2 5i3tt©*ffi. 50 
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CDSS^^tflf «3B 2 5 f m<Dj)& 0 
[11*12 8 ] 1 *fctt*h«±0i%JB*fc#, MttS 

[IMcJl 2 9] IS fc«*ft&±Ott£tt^ttMt 

*»6SJK§nsii*392 5ta*g(D^6 0 

[IS*13 0 ] 1 Sfctt*h«±0«»B»** (C , 

-Ci a ) r;V^^7^>K, (Ca "Ci a ) 

*j\,V>*)i#>ms (C -Ci 2 ) y h 

#>m, «fe (C, -C, 2 ) TJI/*JU#JM*>|* g 

& (Ca -d 2 ) r i>n* m& (c, 

-Ci a ) TJ\s*frb*)*J>l>#>ms (Ca -C, 2 > 

r;i/^r^;i/*;i/^>K, (C 2 -C, 2 ) y;i/^;i/>> 
*jbjK>B{, (c 2 -c, 2 ) t^~juf y#Ji>#> 
^gft(c 2 -c l2 ) r;^^;u#;u#r>R SSI 

(c 2 -c 12 ) T)i>&^>is¥fr)itf>m, wi& (c 2 

-c, 2 ) r^-^F y^iK^BI, T^>#;MO 
Bt r y-;i/*;i/#>B(Sft:»KJftr y-;u# 

[IS*W3 1 ] 1 *fcW*ft«±0#*«*$, *n 

v>dm. e d ta, yz^m. ^>^>b 

[If ^3 2 ] 1 S/c«^n«±(D#m^V>^- 
jD«, *fe;Ua-^, tFP+^P-x, t Fp+^7 

h Fn+^x^n^ba-xte^tfb Fa+^a 

c is^e 3 3 ] #BMfc f ; ^ o a % imit-r v 

'i^A, *^b^U^A, 7KBtfbT>^*>AS/c«^ 

^br-h^ (C, -C 4 ) T^4^T>^^A#>£>j! 
[fi#^3 4] lSsfc«^±(D^iS, 1 J fc« 



V 

If 



5 

[0 0 0 1 ] ^$&$1tZ—%$i(iC s *m%<D*Z"?4*i~*y 
^ * 5 >f -fef— > a FBOittfflte <£em«SHc 

[0 00 2] J:^h3^fi/|^lff/^X, /c<h;U* 
J: *) i^S^Jft 9 St 5«3&CD^ * ^ ^ -tf-^ a >B£W 

HUB (KUlttlr^) *Jft«*SfcfcWlH>6*iaHK 

%sm$mx, mm&<&<, ft«ftx**>^u*>*rt> 

3*«fc**cr«-ry (via) 4>«cfflS»tl*^isJE-r* 

[0003] ^jTtptcfatLtcffiKmmmv&zmm? 
z—mz. z> £<D&m&m^2>zt lex*) 

[0004] fltffHSflgtt y * * 3 ls<Dtc&<D 

^Tjg|*Uc<<, — Kft^fc£<D^B3HcWy 

[0005] ^<t^S«ttft £©«H»«»fflr Sft:«> 

3ib"Cl^ 0 U/t^-^-C, T«C*43»«tt^- FB* H 
5Wfctt»& FB#HRfc*G>«§Wt3W£ 

©tffe fc<h;U2^fl^#» ( rpVDj ) *JckO'{fc^ 

3£«& ( rcvDj ) a<5f«Ccfco«Sffl-rsci^T?* 
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X$>2> 9 

[0 006] £Jj^>- FB, F»±<0«ft«P 
- F B if ® »*ic Hgg $ ft £ C i *c J: 0 3 

ft& a jHtssffjitts, ^-fi«i(c»S3n^i8ffl^ 
fii4*£\ Mitm<r>m$mz$><t!:& e mu-vmtm 
^m&, Mimum±#t<ct>tc-ixmimtLxftui, 

v*<Dm<Dffimtc*$\<>x s mimmtemmiciztm* 
io v^zsvmc&vm^zti&o cti^comitzmimm* 

»ffc**^-FJB«ffl*>6l!tefe3ti*4, 

[0 00 7] *H#fpm5 82 4599#(Schac 
h a m- D i amand6) lt x M3LTXV at-r*— ±<£> 

tizjttommx&z, 

[0 0 0 8] PCT#f*Mlff£W0 9 9/4 7 7 3 1 -Sf 
(Chen) tt % SE-TjHW^- FIB*hS«L, Jft^rffl 

*->-F)B*«a{b^Wccx>>rN^>^L'r, 

FJS^r^i-SCiCCctO^- F»*tt«-r&*ft*H 

x*c<t 9 -ratofe, F»©aa^^^ 

30 r4>^^$/t^iHLrc^^>- fbcc*jwsm«^(S 

£ n > >r „ _ 

[0009] «ffl*fcttjbiWIK»ffi«:j:or tt, $mm 

^ cnwit^>- F«*i»*i-i. 

so ^ab^ 0 
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CO 0 1 1 ] LW-pT, l^f^WX, «F*C/h3tt^ 

[ooi3] — j*«&c*5C>t, ##wjb, i SfcB**i 

b* t\PAAi(omw w > , i ifcw-tneuiojKc 

[0014] <DJS«cc*ji*r, #»wb* l £/cb 
*fc«*n«±(DW«^v>y-, i$/cB^fttUio 

«ttf. MUM 7*flNt* 1 MmHT0IIP9tWT 
[0015] »H<DI»HlCC*il»r, #189! B* 1 *ft:B 

tip, ^Si^ Fi*i>A->Xf^tt4jSI«f 
[0016] »E90Jft»Cc*jlr^"C % ##M8B % 1 SfcB 

i *it\**ti^<mm&(m* 1 

[0017] mSOflHiCcfcl^r, *«WB, 1 SfcB 
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ram* cfc o«s«dtr turn t m*zmm zazm 

[0018] ©AOMfllCCfcC^T. #26WB* 
±£>&Jgtg, 1 *1tlt*t\!^omte&ti8ft* l*fcB 

[0019] #^ffl#CC*5^rfflOS^, WBBUtt> 

S ; j^m=^a> = 7>f^ay-b;b; s/L = 1 U 
v b)l'$>tt*)<Dif : ?J*ft; M = *;l/; HPC = fc Kn+ 

PVOH = #U (tr^T^n-AO ;KOH = *mfb 

; HPA = M'i>i; SF=^»t h r J3 
A; SHP=;»'J>ith»J^A B 

20 [o o 2 o ] #9MB»cctei>rflH>*»^ r^*-* 

+ - (feature) J Xtti©^:*^ h 'J 

+ ttSJBBB, iMXrt* i 5 ^n>fcTF (£ 1 

Mm) ofco^SBft-ra. ri^(c/jNStt7 

m) ofe<D**flc'r*, r^Hpgjj <lb, * 

>f^n *n>«T©MP»*S8*u rs/hsip 

30 SPj ttt, ^-/X*«l/2 5^n>«T©5BPaJ«rai* 

SB. «FiaL&i>iR»K sr*t*i»r&. 
r^tt«j *fj:v r^^j B#Witt»(c*ji»r3ilftWtt 

a-F***ts. mace. r^ay>ft»j i« % v 

[0 02 1 ] T^r<DW»**5J:Cf]tB«fiaLftl»IH0 

40 as^tr*^ e -r^r(D«BBBWtt*d*. ffl^t> 

[0 0 2 2 ]#«W«, 1 *fcB**ieU:03fefli-f* 

>, i*ft:B«ti&±<DMis£dQn. i*fcB*neu; 
s^^tp, i MmyTcDSPSi5^w-r^a»_htc^m» 




9 

[0023] 1 *fc«*n«±<0^«*«, WMfftKte 
*»9!cD«US«!K:*jl*r. i&0 . 1 g/L*>6**j 1 5 gr 
/L, #*L<«:, jfoO. 5g/L-10g/L, cfcO 

1*fcWffl&ttB«, 2g/L-5g/Lt$)^ 

frQ&^fe&T»zc a^fc+w- Mb 

SHBWISt*fctt*<3!)*-C*i0#S 6(c»i I < , <fc 
^liUr«: (C, -C, 2 ) TiU*iI/*^#>K, 

(C 2 -c, 2 ) Tii/*;i/^*;i/#>», (C -c 

, 2 ) r^*^M;#jb#>Bt ®ft (c, -c, 2 > 

TJV^^^dOK. B& (C, -C, a ) 7^*^ 
Hft (Ci -C, 2 ) TfrJrfrhVXfrtf 
>BL <C 3 -C, a ) Tfr*r~)\'ij)\,iiiyWL. (C 2 
-c, a ) r/i^-n^ajMOK, (c 2 -c, 2 ) 

T)V^^^bV^)^>m, ■& (C 2 -Ci 2 ) Til/ 
dr^rt^/i/tfOK, «ft <C. -C, 2 ) y;b^~;l^ 
#j!/*K:>BL Bft <C 2 -C, 2 ) T)W~)\sV 

*«iU©iBft* % «i«AD t t (C, -C 

e ) T)\,Zl*r%/ s UTS* (Ci -C e ) T^to* 

wen*. w«c*«a*a»iu-ctt : *m mm. ? 

K. T^tf>«. #fra-toWL (glucolic a 
cid), *LK, SEfll. *x>&, V>=fflfc E D T 
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[002 5 ] *3%^(Dffl^«J*cr>#t»K©fi«, Mfi 
iCtt^O. 1 e/L~Jft2 5 g/LCDttHr*?), »* 
0<t*0. 5g/L-20g/L 4 <fcW*b<»2g 
5 g/LOtBt*i. ««&<Z>JlttffJfcg 

[0026] 3£;T$ tt#Bfcn Y > #~#*^<OfflJ£ 

fcijfctf, b Fu*^^;l/-fe;uu-x, b Fn* 
X, vii^A F#U , -fe^a-x^y^-, 

[0 0 2 7 ] *>#>*M-f>y-B\ jA®ffl^c*5<i:^S. 

c^ci^r^r^o w^u<«, >y-tt, 5 

g/L-25g/L, J;W^b<(J10g/L-2 0 

flaunt <t#r£* 0 

[0 0 2 8 ] ElfflCCfc J:^jR^ffJ**«|8(DjfflJSB»«: 

40 ;i^7?>^7>, h';y^i/7^>#7>, y^;u^riP 

L-7^3;l/t>ith^A, i>;>it 

Sth'J^A, HSih^^>, b F^ 

50 itffflJtF'^A^hS, 



XL 

[0029] Mytmu. mmmMttmivmmmtp* 

i^5g/L^6 0g/L, !f*L/<«10g/L-5 
[00 3 0] ffm©®^«c*«*/c««8»fflS^^«^ 

tf, *ttKtr*h<5 (Ci -c 4 ) r;u*;u7>*:~£ 

tti*. araopH^ 
W7*Wi*n«±, *?£^<tf*j7, 5-^)13. 

5, <*D«P*L<«8-1 3, $6K<fc9!tf£0<W: 

[003 1] *#H8<3!)fflSBBf», 1 Sfctt**i±(D£« 

l*fctt*#iJM±<OaKSW*jJ:Cf 1 *fc 

l>. TJU*>^*-;^iL-Ctt, (Ci -C 2 4 ) TJU 
yya— Jbx— ^iKDW4l/"CB, x^b>^'; a — ;l/ 40 

x-rMt,, ^x^U>^i;rJ-Jl/^y^;bx-7-;U v 7* 
;Wx-^;k h'j^ptu>^i;3-;K/yWx- 50 
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f-Jl/, hV^Ub'l/^^'j^^^/^Jl/X-fJk 

ynt , u>^'ia-;^^x^r;k ?'aeu>^ 
•Ja- Jl/i^^l/x-f^K 

y^;i/x-f\>u, ^^nb'b>^»;a-;b^^^ji/x- 

b'U>^'j3-Wyy^;|/x-f;l/rt^ hrf^tf 
[003 2] *#HS(DftB«ffl^^«, 3 £ ff*tt^S, 

^rfflc^^^^y-, :/y>hBaR«F*i»**j:tf 

^^^^ y-F:7U~A£adrs#CftaR5£3*i 

^W<D*J*»*; /hPBP» (£ 1 Mm) , cfcOWSL 
< W^^c/hS ScBBP® ( S 0 , 5 /xm), <*6fc:J:!3 
*?£L<tt^0. 1 8 Mm0Mn»*#TSS#CCj6fli 
-TS<D*S3 6tc»*Ll*. C<DJ:5tC, 1m 

»8W*ftt*r>r, 1 &1t&J£tllcJ(Ji<D&m& l 

mi tmttmks * »#r s e 

[0 0 3 3] S»±JC^3n^C<Dck5&^SW>< * 

jff^L<«>98% <fc»)*?Sl,<ra>9 9%*B[ 
[0 034]^ ^cU%|(Di»^lft±(Cj|fflt 

*<> wswectt. co* stoma, mmzimitzv 




13 

[0035] km*, j^mm? a KAzmmm&m 

fcttx*$^— (eximer) U-lf— ^(DUg, 

3-es. c©j:5&»na&ra\ ft^wccttm oo c ciy 

±, »*L<W1 1 0 - CK±. <fc0»*l/<«l 2 0'C 10 

«±, 3 6ec<i;*)#Sl,< ttl 3 0°CfeUi, 3^cci:83 

»* U < tt 1 4 0 B C«±, Wit tf 2 0 0 °Cy±T*<Di&g 

SSWfcttl 8 0#*T\ #£L<ttl 2 0^^ <fcD 
#$b< tt6 0#£T\ 3 6CCj;9*?$b<ttl 

br u— if *fctt#*H»*jsir> 5 c t tc <£ o pj<re#> 6 

[0 03 6 ] l^^2WW©M«*?aS!tfb3*Si, 
Ctt*3*3'*&£«fcJ:9te«8M y*-T&Z±1fiV 20 

[0 03 7 ] *»J8tt, S»±OTatltt&H^- Kli 

S"-FJi* rx>^->*j tSiB, CW^^a 30 
tft&f- FIKfctt**'- FJR0ftflt^£|gjmtcflM> 

tetter &c<h£;gi?frr&o L/c*5 0 r, #^9!tt^ 
attics- F^*x>/N->^*r^/t^cD^ar*o 

[00 3 8] JM©»«K:tel*r , *«WttKf*±*Ci'- 
FJt*^»31*5O0cffrcaLT^S. FM 
ttft«)WWfc:*«3ft* tftttn>:7*-v;l,r*&ftj 

Attrrs. Lfca^r, ^e^- F»©niH*saiR-r 

«tnjWfeWEtt. ^^r^3tlSi?H©aEta*«:*i^3 
■tt4^^^^A*tt^4. #»Wtt* «tttiUt^7 

OJ:9<rMtttt. *©a«c««3ns«B©ffiR*3W* 
Ab^&cxDr, s/- FJB«acctei>r»cc^wr* 50 
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[0 0 3 9] lfc#ot, *»Wt*»*±*c^fl|l/- F 

tt. l*fctt*WH±(D*«», l*ft:tt*h«±©W 

l*fctt*ti«±<Da7E»J*yJ:tftt»* 
^ttfim&Stt«»M31t«SII : 84«£r£tt{t3tf 

tfJSSffifttS, ^@K^Wx±fc^-FJB*« 

L<tt^UTHCc«|ffl3n5, aatt^UTBtt, 

[0 04 0] #«Wtt3 6(c, 1 ^/ctt^tifethcD^JS 

tt, i*fc«*ti«±<ow«». i*yttt*n«±ow 
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1 Title of Invention 

PLATING CATALYSTS 

2 Claims 



1. A composition suitable for depositing mi clcctrolcss plating catalyst on a substrate 
having < 1 um apertures comprising one or more metal salts, one or more copper completing 
agents, one or more organic binders, one or more reducing agents and base. 

2. The composition of claim I wherein the one or more metal salts arc selected from 
copper or palladium salts. 

3. The composition of claim I wherein the one or more coraplexing agents arc selected 
from organic acids. 

4. The composition of claim 3 wherein the organic acids are selected from (C t - 
C, 2 )aJtylcaiboxyHc acids, (C2-Cn)alkyIdicarboxylic acids, (C,-C, OalkyllricarboxyHc acids, 
substituted (Cj-Ci^alkylcarboxytic acids, substituted (C 2 -C, a )alky!dicarboxylic acids, substituted 
(Ci-Citfalkyltricarboxyllc acids, (C 2 -Ci 2 )alkenylcarboxylic acids, (d-C u )alkenyIdlcarboxyh*c 
acids, (Ci-Ci2)alkeiiyItricarboxylio acids, substituted (C 2 <:, 2 )alkenylcarboxylic acids, substituted 
(^-C, 2 )alkenyldiejarboxyUc acids, substituted (Q^ l2 )aJkenyltricarboxylic acids, amine 
carboxylic acids, arylacrboxylic acids or substituted aiylcarboxylic acids. 

5. The composition of claim 4 wherein the organic acids are selected from formic acid, 
acetic acid, propionic acid, oxalic acid, malottlc acid, succinic add, glutaric acid, adipic acid, 
glucoUc acid, laede acid, tartaric acid, citric acid or malic acid, BDTA, phthalic acid, benzene 
tricarboxylic acid or salicilic acid 

6. The composition of claim I wherein the one or more organic binders are selected from 
cellulose, hydroxycellulose, hydroxyalkylcclhilosc such as hydroxymethylcellulose, 
hydroxyethylcellulose and rrydroxypropylcellulose, polysaccharide polymers, cellulose 
polymers, derivatized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyuxethane polymers having alternating hydrophobic and hydrophilic 
moieties, poly<malelc armydrlde/meuiyl vmyl ether), polymcmacrylio acid, polyvinyl alcohol) 
or naphthalene formaldehyde condensates. 

7. The composition of claim 1 wherein the base is selected from lithium hydroxide, 
sodium hydroxide, potassium hydroxide, ammonium hydroxide or tetra(C)-C4)alkylammonium 
hydroxide. 
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8. A method for depositing an cloctroless plating catalyst on a substrate having < l jim 
apertures comprising the stop of contacting the substrate with a composition comprising one or 
more metal salts, one or more copper comploxing agents, one or more organic binders, one or 
more reducing agents and base. 

9. The method of claim 8 wherein the one or more metal salts are selected from copper 
or palladium salts. 

10. The method of claim 8 wheccin the one or more copper complexing agents selected 
from organic acids. 

1 1. The method of claim 10 wherein the organic acids are selected from (Ci- 
C, 2 )alky!cartK*ylic acids, (C 2 -C| 2 )alkyldicarboxylic acids, (Ci-Cja)aikyltrtcarboxylic acids, 
substituted (Ci-Ci2)alkylcarooxylic acids, substimtcdCCi-C.OalkyldlcarboxyHc acids, substituted 
(Ci-C 12 )alicyJtricarboxylic acids, (C 2 -C] 2 )aDcenylcarboxy1ic acids, (CrC^alkc^yldicarboxylic 
acids, (Cj-C| 2 )alkenylldcarboxylie acids, substituted (C 2 -C 12 )alkcnylcarboxylic acids, substituted 
(C2-Ci 2 )alkcnyldicarboxylic adds, substituted (Ca-CidalkenyltricarboxyUc acids, amine 
carboxylio acids, arylacrboxyiic acids or substituted arylcarboxylic acids. 

12. The method of claim I J wherein the one or more organic acids are selected from 
formic acid, acetic acid, propionic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, 
adipic acid, gmcolic acid, lactic acid, tartaric acf d» citrio acid or malic acid, BOTA, phthalic acid, 
benzene tricarboxylic acid or salicilic acid. 

13. The method of claim 8 wherein the one or more organic binders are selected from 
cellulose, hydroxycellulose, hydroxyalkylcellulose such as hydroxymethylcellulose, 
hydroxyethylcellulose and hydroxypropylcelhilose, polysaccharide polymers, cellulose 
polymers, dcrLyatizcd cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, po(yurethane polymers having alternating hydrophobic and hydrophilic 
moieties, poly(maleic anhydride/methyl vinyl ether), polymethacrylic acid, poIy(vmyl alcohol) 
or naphthalene formaldehyde condensates. 

14. The method of claim 8 wherein the base is selected from lithium hydroxide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide or tetra(Ci -Chalky lammonium 
hydroxide. 
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1 5. The method of claim 8 wherein the apertures arc < 0.5 pm. 

16. A method for enhancing a discontinuous seed layer comprising the steps of: 
contacting a substrate comprising a discontinuous metal seed layer with a composition 
comprising one or more metal salts, one or more copper compJexitlg agents, one or more organic 
binders, one or more reducing agents and base; activating the catalyst; and contacting the catalyst 
with an elecrroless plating solution. 

17. The method of claim 16 wherein the substrate comprises apertures < 1 \un. 

18. The method of claim 16 wherein the activating step comprises heating, exposure to 
carbon dioxide or eximer lasers or exposure to ultraviolet radiation. 

19. The method of claim 16 wherein the ono or more metal salts are selected from copper 
or palladium salts, 

20. The method of claim 16 wherein the ono or more copper complexing agents are 
selected from organic acids* 

21. The method of claim 20 wherein the organic acids are selected from (C r 
Ci 7 )alkylcarboxylio acids, (C 2 -Cn)alkyldicarboxylic acids, (Ci-Cia)alkyhricarboxylic acids, 
substituted (Ci-Ci 2 )alkylcarboxyltc acids, substituted (QrC^alfcyldicarboxyHc adds, substituted 
(CrC 12 )alkyltricarboxylic acids, (C 2 -Ci2)alkeny!caxboxylic acids, (C 2 -Cii)aDcenyldicarboxyhc 
acids, (C 2 -Cii)alkenyltricarboxylic acids, substituted (C 2 -Ci a )alkenylcarboxylic acids, substituted 
(CrC l2 )alkcnyldicarhoxylic acids, substituted (C2-Ci2)alkenyltricarboxylic acids, amine 
carboxyuc adds, arylacrboxylic acids or substituted arylcarboxylic acids. 

22. The method of claim 21 wherein the one or more organic acids are selected from 
formic acid, acetic acid, propionic acid, oxalic acid, matonic acid, succinic acid, glutaric acid, 
adipic acid, glucolie acid, lactic acid, tartaric acid, citric acid or malic acid, BDTA. phthaiic acid, 
benzene tricarboxylic acid or salicilJc acid. 

23. The method of claim 16 wherein the one or more organic binders are selected from 
cellulose, hydroxycoUulosc, hydroxyalkylcoUuIose such as hydroxymethylceilnlosc, 
hydroxycthylcellulose and hydroxypropylcellulose, polysaccharide polymers, cellulose 
polymers, derivatized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyurethane polymers having alternating hydrophobic and hydrophilic 
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moieties, polyrmaleie anhydride/methyl vinyl ether), polymethacrylic acid, polyvinyl alcohol) 
or naphthalene formaldehyde condensates. 

24. The method of claim 1 6 wherein the base is selected from lithium hydroxide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide or tetra(C|-Q)aIkyfammonium 
hydroxide. 

25. A method for depositing a metal seed layer on a substrate comprising the steps of; 
contacting a substrate with a composition comprising one or more metal salts, one or more 
copper complexing agents, one or more organic binders, one or more reducing agents and base; 
activating the catalyst; and contacting (ho catalyst with an electroless plating solution. 

26. The method of claim 25 wherein the substrate comprises apertures < 1 pjn. 

27. The method of claim 25 wherein the activating step comprises heating, exposure to 
carbon dioxide or eximer lasers Or exposure to ultraviolet radiation. 

28. The method of claim 25 wherein the one or more metal salts are selected from copper 
or palladium salts. 

29. The method of claim 25 wherein the one or more copper complexing agents are 
selected from organic acids. 

30. The method of claim 29 wherein the one or more organic acids are selected rrom (Cj- 
C| 2 )alkylcarboxyIio acids, (Ca-CiaJalkyldicarhoxylic acids, (Cj-Ci2)alkyltricarboxylic acids, 
substituted (C|-C|2)a1kylcarboxylic acids, substituted (Cj^ u )alkyldicarboxylic acids, substituted 
(Ci-C| a )alkyltrlcarboxylic acids, (CVCi2)alkenylearboxylic acids, (Q2-Cu)alfcenyIdicarboxylic 
acids, (C^| 2 )alkenyItricaiboxyHc acids, substituted (C a -C 12 )alkenylearboxyiio acids, substituted 
(C2-Cia)alkenyldicarboxyUc acids, substituted ((^ijalkcnyltricarixjxyh'c acids, amine 
carboxylic acids, arylacrboxylic acids or substituted arylcarboxyllc acids 

31. Hie method of claim 25 wherein the one or more organic acids are selected from 
formic acid, acetic acid, propionic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, 
adipic acid, glucolic acid, lactic add, tartaric acid, citric add, malic acid, EDTA, phthalic acid, 
benzene tricarboxylic acid or salicilic acid. 
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32. The method of claim 25 wherein flic one or more organic binders are selected fiom 
cellulose, hydroxyceUuIose, hydroxyalkyl cellulose such as hydroxymethylcellulose, 
hydroxyethylcellulosc and hytlroxypropylcclluloae, polysaccharide polymers, cellulose 
polymers, derivatized cellulose polymers, polymers and copolymers of ethylene oxide and 
propylene oxide, polyuretfmne polymers having alternating hydrophobic and hydrophiHo 
moieties, poly(maleic anhydride/methyl vinyl elher), polymethacrylic acid or naphthalene 
formaldehyde condensates. 

33. The method of claim 25 wherein the base is selected from uthium hydroxide, sodium 
hydroxide, potassium hydroxide, ammonium hydroxide or tctra(CrG$)alky]amroonium 
hydroxide. 

34. A method for manufacturing an integrated circuit comprising the steps of; contacting 
a substrate with a composition comprising one or more metal salts, one or more copper 
complexing agents, one or more organic binders, one or more reducing agents and base; 
activating the catalyst; and contacting the catalyst with an electroless plating solution. 

35. An electronic device comprising an clcctrolcss plating catalyst wherein the catalyst is 
deposited from a composition including one or more metal salts, one or more copper complexing 
agents, one or more organic binders, one or more reducing agents and base. 
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3 Detailed Description of Invention 

Bac kground of the Inven tion 

The present invention relates generally to the field of seed layer* for subsequent 
metallization. In particular, this invention relates to methods for depositing and repairing seed 
layers prior to metallization. 

The trend toward smaller microelectronic devices, such as those with sub-micron 
geometries, has resulted in devices with multiple metallization layers to handle the higher 
densities. One common metal used for forming metal lines, also referred (o as wiring, on a 
semiconductor wafer is aluminum Aluminum has the advantage of being relatively inexpensive, 
having low resistivity, and being relatively easy to etch, Aluminum has also been used to form 
intcrconneotioTis m vias to connect the different metal layers. However, as the size of via/contact 
holes shrinks to the sub-micron region, a step coverage problem appears which in turn can cause 
reliability problems when using aluminum to form the interconnections between the different 
metal layers. Such poor step coverage results in high current density and enhances 
electromigration. 

One approach to providing improved interconnection paths in the vias is to form 
completely filled plugs by using metals such as tungsten while using aluminum for the metal 
layers. However, tungsten processes are expensive and complicated, tungsten has high 
resistivity, and tungsten plugs arc susceptible to voids and form poor interfaces with me wiring 
layers. 

Copper has been proposed as a replacement material for interconnect metallizations. 
Copper has the advantages of improved electrical properties as compared to tungsten and bettor 
electromigration property and lower resistivity than alurninum. The drawbacks to copper are that 
it is mora difficult to etch as compared to aluminum and tungsten and it has a tendency to 
migrate into the dielectric layer, such as silicon dioxide. To prevent such migration, a barrier 
layer, such as titanium nitride, tantalum nitride and the like, must be used prior to the depositing 
of a copper layer. 

Typical techniques for applying a metal layer, such as electrochemical deposition, are 
only suitable for applying copper to an electrically conductivo layer, Thus, an underlying 
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conductive seed layer, typically a metal seed layer such as copper, is generally applied to the 
substrate prior to electrochcmically depositing copper. Such seed layers may be applied by a 
variety of methods, such as physical vapor deposition ("PVD") and chemical vapor deposition 
("CVD"). Typically, seed layers are thin ro comparison to other metal layers, such as from 50 to 
1500 angstroms thick. 

Oxide on a metal seed layer, particularly a copper seed layer, Interferes with subsequent 
copper deposition. Such oxide forms from exposure orthe metal seed layer to sources of 
oxygen, such as air. Typically, the longer such seed layer is exposed to oxygon, the greater the 
amount of oxide formation. Where a copper seed layer is thin, the copper oxide may exist as 
copperoxide throughoutthe layer. Inotherareas of electroplating, such as in electronics 
finishing, copper oxide layers arc typically removed by acidic etching baths. These baths 
dissolve the oxide layer, leaving a copper metal surface. Such etching processes are not 
generally applicable lo copper seed layers because of the thinness of the seed layer. As the oxide 
is removed from the seed layer surface there is the danger that the entire seed layer may be 
removed in places, creating discontinuities in the seed layer. 

US Patent No. 5,824,599 (Shacham-Diamand ct al.) discloses a method ofpreventing 
oxide formation on the surface of a copper seed layer by conformally blauket depositing under 
vacuum a catalytic copper layer over a barrier layer on a wafer and then, without breaking the 
vacuum, depositing a protective aluminum lay or over the catalytic copper layer. Such blanket 
deposition of a copper layer under vacuum is typical of such procedures used commercially. 
PCT patent application number WO 99/4773 1 (Chen) discloses a method of providing a 

seed layer by first vapor depositing an ultra-thin seed layer followed by electrochemlcally 

enhancing the ultra-thin seed layer to form a final seed layer using an alkaline copper bath. 

According to this patent application, such a two step process provides a seed layer having 

reduced discontinuities, ie. areas in the seed layer where coverage of the seed layer is 

incomplete or lacking. However, such electrolytic copper deposits are not as conforms] as 

electrolesa deposits. Thus such electrolytic deposits may not provide substantial fill of 

discontinuities without substantial upward plating. 

Physical or chemical vapor deposition methods do not provide metal layers having as low 
impurity deposits as that provided by non-vapor deposition processes such as electrolytic and 
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electrons deposition. Further, PVD methods tend to deposit metal in a line of sight fashion. 
Electron deposition, unlike PVI> or CVD, tends to bo conform.!, thus providing better 
aperture sidewall coverage loading to a more continuous seed layer and, consequently, reduced 
void fonnation following subsequent electroplating. However, conventional colloidal palladium 
catalysis for electrons plating typically contain strong acids which could strip off thin copper 
seed layers. Such conventional catalysts also contain tin which must bo stripped prior to 
electroless plating. If such tin is not completely removed, defects in the plated film may result 
Organio dieleclric materials used in these applications typically have a lower dielectric 
constant than conventional dielectric materials. However, such organic dielectrics cannot 

suitably be used because the procosins temperatures for the physical vapor deposition of barrier 
layers is too high. 

Thus, (here is a continuing need for methods of depositing substantially continuous seed 
layers that conform to sinftce geometries in electronic devices, particularly in devices having 
small geometries such as 0.5 micron and below. Also, there is a need for lower temperature 
processes for depositing barrier layers. There is a further need for non-electrolytic methods for 
enhancing discontinuous seed layers. 



Summary of the Invcflffop 

It has been surprisingly found that the present compositions are suitable for enhancing or 
repairing discontinuities Jn a seed layer, particularly a copper seed layer. Also, the present 
invention is suitable for depositing thin copper seed layers without the use of tin. The present 
electroless plating catalyst* arc neutral to alkaline and thus are less harmful to thin copper seed 
layers than conventional acidic electroless catalysts. 

In one aspect, the present invention provides a composition suitable for depositing an 
electroless plating catalyst on a substrate having < I t im apertures including one or more metal 
sails, one or more copper complying agents, one or more organic binders, one or more reducing 
agents and base. 

In a second aspect, the present invention provides a method for depositing an electroless 
plating catalyst on a substrate having < 1 urn apertures including the step of contacting the 
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substrate with a composition including one or more metal salts, one or more copper complying 
agents, one or more organic binders, one or more reducing agents and base. 

In a third aspect, the present invention provides a method for enhancing a discontinuous 
seed layer including the steps o* contacting a substrate including a discontinuous metal seed 
layer with a composition including one or more metal salts, one or more copper completing 
agents, one or more organic binders, one or more reducing agents and base; activating the 
catalyst; and contacting the catalyst with an electroless plating solution. 

In a fourth aspect, the present invention provides a method for depositing a metal seed 
layer on a substrate including the steps of: contacting a substrate with a composition including 
one or more metal salts, one or more copper complexing agents, ono or more organic binders, 
one or more reducing agents and base; activating the catalyst; and contacting the catalyst with an 
electroless plating solution. 

In a fifth aspect, the present invention provides a method for manufacturing an integrated 
circuit mchiding the stops ofi contacting a substrate with a composition including one or more 
metal salts, one or more copper complexing agonts, one or more organic binders, one or more 
reducing agents and base; activating the catalyst; and contacting the catalyst with an electrolesB 
plating solution. 

In a sixth aspect, the present Invention provides au electronic device including an 
electroless plating catalyst wherein the catalyst is deposited from a composition including one or 
more metal salts, o»e or more copper complexing agents, ono or more organic binders, one or 
more reducing agents and base. 



Detailed Description of thq Jnvcm 



As used throughout this specification, mo following abbreviations shall have the 
following meanings, unless tho context clearly Indicates otherwise; ° C - degrees Centigrade; 
ujn « micron - micrometer; g/L = grams per liter, M - molar; HPC - hydroxypropylcellulose; 
HMC - hydroxymctfaylccllulose; TMAH = tetramethylammonium hydroxide; PVOH - 
polyvinyl alcohol); KOH = potassium hydroxide; HPA «■ hypophosphorus acid; SF » sodium 
formate: and SHP = sodium hypophosphtte. 
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As used throughout tho spccificaiion, "feature" re fcrs to the geometries on a substrate, 
such as. but not limited to, trenches and vias. "Apertures" refer to recessed features, such as vias 
and trenches. The term "small features" refers to features that are one micron or smaller In size 
{< I urn). 'Very small features" refcrs to features that arc onr>hfllf micron or smaller in size (< 
0.5 urn). Likewise, "Email apertures- refer to apertures that are one micron or smaller in size and 
"very small apertures" refer to apertures that arc one-half micron or smaller in size. As used 
throughout this specification, tho term -plating" refcrs to metal electroplating unless (he context 
clearly indicates otherwise, -Deposition" and "plating" are used interchangeably throughout (his 
specification "Halo" refers to tluoro, chloro. bromo, and iodo, Ukewisc, "halide" refers to 
fluoride, chloride, bromide and iodide. "Alkyl" includes straight chain, branched and eycllc 
alkyl groups. 

All percentages and ratios are by weight unless otherwise indicated. All ranges are 
inclusive and combinablc. 

The present invention provides compositions suitable for depositing an elcctroless plating 
catalyst on a substrate having < 1 urn apertures including one or more metal ions, one or more 
copper completing agents, one or more organic binders, one or more reducing agents and base. 
Any metal salt suitable for use as an electrons plating catalyst may be used m the present 
invention. Such metal salts include, but are not limited to: cobalt salts, copper salts, platinum 
salts, palladium salts, and the like. Copper and palladium salts are the preferred catalysts. Such 
salts are typically at least partially soluble in the solvent used, typically water, Thus any solvent 
soluble metal salt is suitable. Exemplary metal salts include metal hydroxides, metal halidcs, 
metal gluconates, metal acetates, metal sulfates, metal nitrates, metal sulfonates, metal 
alkylsulfonates. metal arylsulfonatcs, metal fluoroborates and the like. The choice of such 
catalysts are within the ability of one skilled in the art. 

The one or more metal sails are typically present in the compositions of the invention in 
an amount of from about 0.1 to about 15 g/L, preferably from 0.5 to 10 g^L and more preferably 
from I to 8 g/L. A particularly useful range is from 2 to 5 g/L. Such metal salts are generally 
commercially available and may bo used without further purification. 

A wide variety of water soluble copper complcxing agents may be advantageously used 
in the present invention. Preferably, such chelating agents are water soluble. By "water soluble" 
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it is meant that the chelating agent is soluble in water at about 1000 ppm or greater. It ia further 
preferred that such chelating agents are organic acids or salt* thereof, and more preferably 
organic carboxyHc acids or salts thereof, Suitable organic acids arc any water soluble organic 
compound containing ono or more carboxylase groups. Exemplary preferred organic acids 
Include, but are not limited to: (C,-C 12 )alkylcarboxylic acids, (C a -C la )alkyldicafboxyJic acids, 
{Ci^C, 2 )alkyItricarboxylic acids, substituted (Ci-C, a )alky!carboxylto acids, Substituted (C 2 - 
Cijalkyldicarboxylic acids, substituted (CrCi 2 )alkyltricarboxylic acids, <d- 
C^alkenylcarboxylic acids, (Cr-C^alkenyidicarboxylic acids, (qa-Cujalkcnyltricarboxylic 
acids, substiluled{C2-C, 2 )alkenyicarboxyljc acids, substituted (C 2 -C I2 )alJcenyldicarboxylic aoids, 
substituted (C 2 -C u )alkciiyItricarboxy1ic acids, amine oarboxyUc acids, arylacrboxylic acids, 
subsUtuled arylcarboxylic acids and the like and their salts. By "substituted alkyl," Substituted 
aikenyl" or "subsututad aryl" it is meant that one or more hydrogens on the alkyl or alkenyl 
chain or aryl ring is replaced with another substitacnt group such as halo, hydroxyl, (C|- 
C 6 )aIkoxy. cyano, (d-^alkylthio, phonyl, phenoxy and the like. Amino carboxyllc acids 
include amine tctracarboxyllc acids such as cmylcncdiamine letmcarboxylic acid ("EDTA"), and 
amine pentacarboxylio acids. Particularly useful organic acids include: formic acid, acetic acid, 
propionic acid, oxalic acid, malonic acid, succinic acid, glutaric acid, adipic acid, glucolic acid, 
lactic acid, tartaric acid, citric acid, malio acid, EDTA, phthalic acid, benzenetricarboxylic acid, 
sab'cilic acid and their salts, 

The amount of organic acid in the present compositions is typically in the range of from 
about 0.1 to about 25 g/L, preferably from 0.5 to 20 g/L and more preferably from 2 to 15 g/L. 
The specific amount of organic will depend upon the particular metal salt and the particular 
organic acid chosen, The organic acids are commercially available from a variety of sources and 
may be used without further purification, 

A wide variety of organic binders arc suitable in the present compositions. Such binders 
are typically water-soluble or water-dispersible, and preferably water-soluble. The binders may 
be small molecules or polymeric Suitable binders include celluJose, hydroxycellulose, 
hydroxyalkytcellulosc such as hydroxymethylcellulose, hydroxyethylcellulose and 
rrydroxypropylcellulosc, polysaccharide polymers, celhiloso polymers, derivatized cellulose 
polymers, polymers and copolymers of ethylene oxide and propylene oxide, poiyurcthanc 
polymers having alternating hydrophobic and hydrophilic moieties, poiy(matdc 
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anhydride/methyl vinyl ether). rx>lyrnethacryltc acid, r*Wvinyl alcohol) and naphthalene 
formaldehyde condensates. Preferred organic binders arc cellulose, hydroxycellulosc, 
hydroxymemyfcclmlose, hydroxyethylcelliiloso and hydroxypropytcdmlosc. 

Such binders may be used In a wide range of amounts and typically in the range of from 
about 1 to about 30 g/L. Preferably, the organic binders are used in an amount of form 5 to 25 
g/L and more preferably 10 to 20 g/L. These binders arc generally commercially available and 
may be used without further purification. 

A wide variety of reducing agents may bo used in the present compositions. Suitable 
reducing agents include, but arc not limited to, hypophosphorus acid, sodium hypophosphite. 
potassium hypophosphite, sodium borohydride, formaldehyde, dimeihylarnine borane, 
trimcthylamine borane. methylmorpholino borane, morpholino borane, diisopropylaminc borane, 
L-sodium ascorbate, sodium phosphite, potassium phosphite, tartaric acid, glucose, glycerine, 
sodium ^N-diethylglycine, sodium formate, potassium formate, titanium trichloride, hydrazine, 
thiourea, methylthionroa, N-melbylthlourea, N-ethylthiourca, hydmquinone, bivalent cobalt 
compounds, and the like. Preferred reducing agents include hypophosphorus acid, sodium 
hypophosphite and sodium formate. 

Tha reducing agents are typically present in the compositions of the invention in an 
amount of from about 5 to about 60 g/L and preferably from 10 to 50 g/L, Such reducing agents 
ate generally commercially available and may be used without further purification. 

Any suitable organic or inorganic base may be used in the present compositions. Suitable 
bases include, but arc not limited to: alkali and alkaline earth hydroxides bucIi as lithium 
hydroxide, sodium hydroxide, potassium hydroxide; ammonium hydroxide; alkylammonium 
hydroxides such as tetm(C,^)alkylammonium hydroxides such as lelraroethylammonium 
hydroxide' amines, carbonates and the like. Such bases are present in the compositions in an 
amount sufficient to provide a pM of the compositions of about 7 or greater, preferably from 
about 7.5 to about 13.5, moro prcfnanly from 8 to 13, still more preferably from 8.5 to 12, and 
even more preferably from 10 to 12. The particular pH employed depends in part upon the 
choice of metal salt For example, when a copper salt is used in the present compositions, a 
particularly suitable pH range is from about 7.5 to about 8.0. 
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The present compositions may be prepared by combining the on. or more metal salts, one 
or more organic acids, ono or more organic binders, one or more reducing agents and one or 
more bases in any order. In one embodiment, a completing agent i„ fust dissolved in water, 
followed by a metal salt, organic binder, base, reducing agent and water to final volume. 
Preferably the organic binder is added to the mixture slowly to avoid clumping. Typically, the 
present compositions ere prepared in water, but may be prepared in one or more organic solvents 
or in a mixture of water with one or more organic solvents. Such organic solvents may include, 
bait are not limited to, polyhydroxy compounds such as alkanediols and alkanetriols, glycol 
ethers, glycol ether acetates, and the like. Alkanediols include (C.-C^alkanediols such as 
glycols such sb ethylene glycol, propylene glycol and the like. Exemplary glycol ethera include 
cmylene glycol monomcthyl ether, ethylene glycol monobutyl ether, diethylanc glycol 
monoraethyl ether, Methylene glycol monobutyl ether, Methylene glycol monomethyl ether, 
Methylene glycol monobutyl ether, diethyknc glycol dimethyl ether, diethyls glycol dibuiyl 
ether, propylene glycol monomethyl ether, propylene glycol monobutyl ether, dipropylene glycol 
monomethyl ether, dipropylenc glycol monobutyl ether, ^propylene glycol monomethyl ether, 
tripropylenc glycol monobutyl ether, propylene glycol dimethyl ether, propylene glycol dibutyl 
ether, dipropylene glycol dimethyl ether, dipropylene glycol dibutyl ether and (he like. Other 
suitable solvents include propylene glycol monomether ether acetate Water and mixtures of 
water and organic solvents are preferred, and water is more preferred. 

The catalyst compositions of the present Invention may be applied to a substrate by a 
wide variety of means such as dipping, spraying, flood coating, screen printing, roller coating, 
spin-coating and the like. Suitable substrates include any used in the manufacture of electronic 
devices, such as, but not limited to, wafers used in tt,e manufacture of integrated circuits, printed 
wiring board inner layers and outer layers, flexible circuits, multlchip modules, connector, lead 
flames and the like. It is preferred (hat the substrate is a wafer. It is further preferred that the 
present compositions are applied to substrates having smaU apertures (< 1 m ), more preferably 
very small apertures << 0.5 m ) and even more preferably <0.l&pm apertures. Thns, the present 
invention provides a method for depositing an eloctrolesa plating catalyst on a substrate having 5 
1 pm apertures including the step of contacting the substrate with a composition including one or 
more metal salts, one or more organic acids, one or more organic binders, one or more reducing 
agents and base. 
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The amount of such electrons plating catalyst deposited on the substrate is determined 
by the thickness of the applied composition coating or film. Thus, the amount ofealaJyst 
deposited may be controlled by controlling the amount of the composition applied to the 
substrate. Such compositions applied to the substrate form substantifltly continuous films, i.e. 
the film of the complex covers > 95% of tho surface area of the substrate, preferably > 98%, and 
more preferably > 99%, 

Once the present compositions are appUed to or coated onto a substrate, they are typically 
dried to provide a uniform inactive catalytic film. Such drying may be by a variety of means. 
Preferably, such drying is performed by heating. Typically such heating is performed at a 
temperature lower man that need to aotivate the catalyst. For example, the coated substrate may 
be dried in air at a temperature of up to about 100° C, and preferably up to about 90» C Typical 
drying times will vary with the solvent used in the catalyst composition and the thickness of the 
catalyst layer applied. Such times will be within the ability of one skilled in the art, but suitable 
may be up to 60 minutes, preferably up to 45 minutes, and more preferably up to 30 minutes, 

After drying, the Inactive catalytic film is activated prior to electroless metal deposition. 
Thus, the present method further includes an activation step. The inactive catalytic film may be 
activated by a variety of means such as heating such as at elevated temperatures, exposure to 
carbon dioxida or eximer lasers, exposure to ultraviolet radiation and the like. Preferably, 
catalyst is activated by heating at elevated temperatures sucb as by placing the catalyst coated 
substrate in an oven. Such heating is typically at a temperature of about > 100° C, preferably > 
110* C, more preferably > 1 20° C, still more preferably > 130" C, and even more preferably > 
140° C or greater such as >200° C. Such heating to activate the catalyst is typically up to 1 80 
minutes, preferably up to 120 minutes, more preferably up to 60 minutes, and even more 
preferably up to 1 5 minutes. It will be appreciated by those skilled in the art that selective 
activation of the catalyst is possible using a laser or using TJ V radiation through a mask. 

Once the present catalysts arc activated, they may be clcctrolcssly plated by a wide 
variety of metals. Suitable metals that can be electrolessly deposited include, but are not limited 
to, copper, nickel, gold, silver, cobalt, palladium, platinum, iron and the like. Such electroless 
pJatmg solutions typically contain one or more metal ions, one or mare reducing agents and 
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optionally a cotnplexing agent Typically, el ec trolls plating soluliona are aqueous, but may also 
contain ono or more organic solvents, 

The present Invention is particularly suitable for enhancing a discontinuous metal seed 
layer on a substrate. By "ortoanomg* a discontinuous mete! seed layer is meant that the seed 
layer fa repaired or extended to substantially fill in, and preferably fill in, such discontinuities or 
areas devoid orseed layer, Thus r the present Invention provides a method for enhancing a 
discontinuous seed layer including the steps of: contacting a substrate including a discontinuous 
metal seed layer with a composition including one or more metal salts, ono or more organic 
acids, ono or more organic binders, one or more reducing agents and base; activating the catalyst; 
and contacting the catalyst with an electroless plating solution. 

In an alternative embodiment, the present invention is particularly suitable for depositing 
a seed layer on a substrate. Such seed layer is deposited clcctroleasly, which has the advantage 
of being conforrnal. Thus, uniform conformal seed layers are obtained which overcome the 
problems of conventional seed layers. Conventional electroless catalysts inclnde palladium 
which increases the resistivity of a subsequently deposited copper layer. The present invention 
allows for the use of copper in place of palladium as the catalyst. Such catalysts including a 
copper salt are particularly advantageous in seed layer deposition because the resistivity of the 
subsequently deposited copper layer is not increased. 

Thus, the present invention provides a method for depositing a metal seed layer on a 
substrate including the steps of; contacting a substrate with a composition including one or more 
metal salts, one or more organic acids, one or more organic binders, one or more reducing agents 
and base; activating the catalyst; and contacting the catalyst with an electroless plating solution. 
When the present invention is used to deposit a seed layer on an integrated circuit device, the 
catalyst composition is preferably applied to a barrier layer. Suitable barrier layers arc any 
which reduce or prevent the elcctromigralion of copper. Suitable barrier layers include, but are 
not limited to, tantalum, tantalum nitride, tantalum nitride silicide, titanium, titanium nitride, 
tungsten, tungsten nitride and tungsten nitride silicide. Mere than one barrier layer may be used, 
such as titanium followed by titanium nitride and optionally followed by titanium nitride silicide. 

Hie present invention also provides a method for manufacturing an integrated circuit 
including the steps of: contacting a substrate with a composition including one or more metal 
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salts, one or more organic acids, one or more organic binders, one or more reducing agents and 
base; activating the catalyst; and contacting the catalyst with an electrons plating solution. 
Accordingly, the present invention further provides an electronic device including an electroless 
plating catalyst wherein the catalyst is deposited from a composition including one or more metal 
salts, one or more organic acids, one or more organic binders, one or more reducing agents and 
base. 

Once the present catalysts are activated, they may be electrolessly plated by a wide 
variety of metals. Suitable metals that can be electrolessly deposited include, but are not limited 
to, copper, nickel, gold, silver, cobalt, paUadiurn, platinum, iron and the like. Preferably the 
electroless plating bath is an electroless copper plating bath. Such elecu^lcss plating solutions 
typically contain one or more metal ions, one or more reducing agents and optionally a 
completing agent. Topically, electroless plating solutions are aqueous, but may also contain one 
Or more organic solvents. 

The metals ions may be present in the electroless plating baths in any soluble form, such 
as nitrates, sulfates, sulfonates, alkylsulfonates, arylsulfonatcs, halides, fluoroborales, gluconates, 
acetates and the like. The amount of such metal ions depends upon the metal to be deposited and 
the particular electroless bath used, Such amounts are within the ability of one skilled in the art. 

A wide variety of reducing agents may be used hi such electroless baths. Suitable 
reducing agents include, but are not limited to, sodium hypophosphUe, potassium hypophosphite, 
sodium borohydride, formaldehyde, dimethylamine borane, trimethylamine borane, 
methylmorpholino borane, morpholino borane, diisopropylamine borane, L-sodium ascorbale, 
sodium phosphite, potassium phosphite, tartaric acid, glucose, glycerine, sodium N,N- 
diethylgtycme, sodium formate, potassium formate, titanium trichloride, hydrazine, thiourea, 
methylthiourea, N-mcmyhWourca, N-ethylthiourea, hydroqumone, bivalent cobalt compounds, 
and the Hke. For electroless copper baths, formaldehyde, dimethylamine borane and sodium 
borohydride are preferred. The amount of such reducing agent in the electroless bath is wall 
known to those skilled in tho art 

Optionally, the electroless baths may contain one or more comploxing agents, such as 
ethytencdiamine, EDTA, tctrany;mylcncdlaniinc, citrate salts, tartrate salts and the like. 
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The substrate containing the activated catalyst is typically contacted with an electroless 
plating bath at a temperature and for a time sufficient to deposit the desired metal layer. Such 
times and temperatures vary according to the metal to be deposited and the particular electroless 
plating bath used. Typically, such eleclcoless plating may be performed at a temperature from 
below room lemperature to about 95° C r and preferably from 25° to 80° C. Suitable plating times 
are typically at least about 0.25 minutes, preferably at least about 0.5 irunute, and more 
preferably at least about 5 minutes. Other suitable plating times include at least about 20 
minutes, There is no real upper limit to the plating time used. The longer such clcctrolcss 
plating is done, the thicker (he resulting metal deposit It will bo appreciated by (hose skilled in 
the art that the plating rate may slow as the thickness of the deposit increases. 

When the present invention is used to enhance or repair a seed layer having 
discontinuities, the substrate is contacted with the electrons plating bath for a period of time 
sufficient to substantially fill in, and preferably completely fill in such discomuiuities. When the 
present invention is used to deposit a seed layer, such seed layers may be of varying thicknesses. 
The present mventton allows for deposition of ultra-thin, conformal seed layers without the need 
for vapor deposition. 

It will be appreciated that the substrates may be plated until any apertures present In the 
substrates are substantially filled or completely filled by the clcctrolcss melal deposit This has 
the advantage that only one plating bath needs to be employed in the plating of such substrates. 
As electroless deposition tends to be conformal, it is preferred that the electroless metal deposit 
docs not completely fill the apertures. Thus, it is preferred that the electroless deposit partially 
fills the apertures and then the substrate is removed from the clcctrolcss bath and plated 
ctectrofytfcaUy, Preferably with the same melal. In this way, void-free bottom-up fill is provided 
in small apertures, and particularly in apertures < 0. 1 8 urn. 

Accordingly, the present Invention also provides an article of manufacture including an 
electronic device substrate containing one or more apertures, each aperture containing an 
electroless metal deposit obtained from the method of (he present invention. 

Once a semiconductor wafer is plated to fdl the apertures according to the present 
invention, the wafer is preferably subjected to chemical-mechanical plajiarization ("CMP"). A 
CMP procedure can be conducted in accordance with the invention as follows. 



12 



(28) mm 2002-3 17274 



The wafer is mounted in a wafer carrier which urges the wafer against the surface of a 
moving polishing pad. The polishing pad can be a conventional smooth polishing pad or a 
grooved polishing pad Suoh grooved pads are well known in the art, such as thoso available 
from Rodel, Inc., Newark, Delaware. The polishing pad can be located on a conventional platen 
which can rotate the polishing pad The polishing pad can be held on tho platen by a holding 
means such as, but not limited to, an adhesive, such as, two faced tape having adhesive on both 
sides. 

A polishing solution or slurry is fed onto the polishing pad The wafer carrier can be at a 
different positions on the polishing pad, The wafer can be held iu position by any suitable 
holding means such as. but is not hmitcd to, a wafer holder, vacuum or liquid tensioning such as, 
but not limited to a fluid such as, but not limited to water. If the holding means is by vacuum 
then there is preferably a hollow snail which is connected to the wafer carrier. Additionally, the 
hollow shaft could be used to regulate gas pressure, such as, but not limited to air or an inert gas 
or use a vacuum to initially hold the wafer. Tho gas or vacuum would flow from the hollow 
shaft to the carrier. The gas can urge the wafer against the polishing pad for the desired contour. 
The vacuum can initially hold the wafer into position in the wafer carrier, Once the wafer is 
located on top of the polishing pad the vacuum can be disengaged and the gas pressure can be 
engaged to thrust the wafer against the polishing pad, The excess or unwanted copper is then 
removed. The platen and wafer carrier can be independently rotatable. Incrcforc, it is possible 
to rotate the wafer in the same direction as tho polishing pad at the same or different speed or 
rotate the wafer in the opposite direction as the polishing pad. 

Thus, the present invention provides a method for removing excess material from a 
semiconductor wafer by using a chemical mechanical planar] zatloa process which includes 
contacting the semiconductor wafer with a rotating polishing pad thereby removing the excess 
materia! from the semiconductor wafer; wherein the semiconductor wafer contains a seed layer 
which has been prior deposited or enhanced according the method described above. 

The following examples are presented to illustrate further various aspects of the present 
invention, but are not intended to limit the scope of the invention in any aspect 
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Bxamnle 1 



The following catalyst samples are prepared by combining the ingredients and amounts 
listed in the Table with water. 



Table 



Sample 


Metal Salt 


Organic Acid 


Organic Binder 


Bare 


Reducing Agent 


1 


OiCt a (3 6/L) 


Tartar io acid (2 g/L) 


HPC (11 g/L) 


)3MKOH(4g/L) 


HPA (25 g/L) 


2 


010,(4 g/L) 


Tartaric acid (5 g/L) 


HPC(llg/L) 


J3MK0H($g/L) 


HPA (25 g/L) 


3 


CuCl 2 (4g/L) 


Tartaric acid (7 g/L) 


HFC (11 g/L) 


)3MKOH(IOg/L) 


SIIP (40 g/L) 


4 


CuCl a (5g/L) 


Tartaric acid ( 1 1 g/L) 


HPC (11 g/L) 


i3MKOH(23g/L) 


5F(IOg/L) 


5 


CuCb<4.Sg/L) 


Tartario add (11 g/L) 


HPC(il g/L) 


13MKOH(2Sg/L) 


SF (50 g/L) 


6 


PdCfe (2 g/L) 


Tfcrumc acid (U g/L) 


HPC (10 g/L) 


13MKOH(28g/L) 


HPA (25 g/L) 


7 


PdCfe (3 g/L) 


Tartaric acid (1 1 g/L) 


HMC(15g/L) 


TMAH (20 g/L) 


HPA (25 g/L) 


8 


PdOj (5 g/L) 


Tartaric odd (15 &fL) 


HPC (12 g/L) 


13 XI KOH (20 g/L) 


SHP (40 g/L) 


9 


PdCfe (2 g/L) 


Citric add (10 &L) 


HlvrC (1 1 g/L) 


13MKOH(30g/L) 


SF (10 g/L) 


10 


CuCJ,(4.5g/L) 


Citric add (7 g/L) 


HMC(8g/L) 


TMAH (15 g/L) 


SF (20 g/L) 


1) 


CuCh (5 g/L) 


Citric acid (8 g/L) 


PVOH(13g/L) 


TMAH (18 g/L) 


SHP (35 g/L) 



A copper seed layer which is discontinuous is applied by P VD to a barrier layer coated 
silicon wafer having < 0.5 ptn apertures, Sample 1 is spin coated on Hie wafer and is then dried 
at 90° C in air for 30 minutes. The catalyst is next activated by placing the wafer in an oven at 
140^ C for 15 minutes. The wafer is then contacted with an electroless copper bath to provide a 
substantially continuous copper seed layer, The wafer is then electroplated with an acid copper 
bath to provide apertures substantially filled with copper. 



Example 3 

Example 2 is repented except that the wafer does not contain any seed layer. 
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Example 4 

Example 3 is repeated except lhal Sample 8 is used. 
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1 Abstract 

Disclosed are catalyst compositions suitable for depositing electrons metal seed layers 
and for enhancing discontinuous seed layers. Also disclosed are methods of depositing 
cleclroless seed layers and enhancing discontinuous seed layers. 

2 Representative Drawing 
Nothing 
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